The Fermilab Recycler is a fixed 8GeV kinetic energy storage ring located in the Fermilab Main Injector tunnel near the ceiling. The Recycler has two roles in Run 11. First, to store antiprotons from the Fermilab Antiproton Accumulator so that the antiproton production rate is no longer compromised by large numbers of antiprotons stored in the Accumulator. Second, to receive antiprotons from the Fermilab Tevatron at the end of luminosity periods. To perform each of these roles, stochastic cooling in the Recycler is needed to preserve and cool antiprotons in preparation for transfer to the Tevatron. The commissioning and performance of the Recycler stochastic cooling systems will be reviewed.
INTRODUCTION
where w is the system bandwidth, N is the number of particles, g is the so called "cooling gain", hf and hf are the mixing factors from the kicker to pickup and pickup to kicker respectively and U is the system noise to signal ratio. h f is approximately 6, which implies that stochastic cooling is dominated by bad mixing in the Recycler.
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Momentum Cooling
There are two different approaches to stochastic momentum cooling, the Palmer and filter methods. The design of the Recycler lattice prohibits the use of Palmer cooling. There is no appropriate location with the required high dispersion and small beam size for this technique to be feasible.
The choice of filter cooling in the frequency bands 0.5 -1 .OGHz and 1 -2GHz was made to provide the required bandwidth.
Such a system also retains a larger momentum acceptance than higher frequency systems by being less sensitive to errors that would cause feedback gain instability.
However, a disadvantage is the dispersion caused by the imperfections in any notch filter system, which will cause additional heating from the momentum cooling systems.
Betatron Cooling
The initial design included the assumption of a 271 nunmrad/hr [2] transverse heating rate. Again, a higher bandwidth system would be prefened for cooling rate.
However, a larger momentum acceptance was desired for the purpose of recycling antiprotons.
A 2 -4GHz bandwidth system, one for each transverse dimension, was chosen to implement betatron cooling in the recycler and maintain a large momentum acceptance. The pickups and kickers are located in zero dispersion regions with the betatron phase advance an odd multiple of 90".
TECHNOLOGY
Pickups & Kickers
Room temperature phased planar loop array electrode technology Half the momentum pickups operate as horizontal pickups and half as vertical pickups and placed in a high dispersion region in the Recycler lanice. The momentum kickers are similarly grouped and placed in a zero dispersion region. Therefore, it is possible to use the momentum electrodes for betatron cooling if it becomes expedient to increase the betatron cooling bandwidth (decrease the betatron cooling time) in the future. In principle, placing the pickups in a high dispersion region makes Palmer cooling possible. However, the beam size is still dominated by betatron motion where the pickups are located.
Both the pickups and kickers are placed in vacuum tanks mounted on moveable stands. Centering the pickups with respect to the beam is important for both the pickups and kickers. The Recycler beam is normally bunched into a barrier bucket system. Centering the betatron pickups removes the common mode signal improving performance.
Centering the momentum kickers 
Transmission Line
Amplitude modulated infrared lasers [4] One of the most important diagnostics is the beam transfer function measurement. This is a network analysis of the entire feedback circuit including the antiproton beam.
Transfer Function Measurements
A beam transfer function measurement, BTF, gives both the magnitude and phase response of the system. 
Tank Centering
Using the moveable stands, the cooling pickups are positioned to minimize the power output at the kickers. In addition, minimizing the common mode signal detected may also align the transverse pickups. There are also two methods to center the kickers. Either by physically centering the kickers while monitoring beam loss, or by minimizing the signal induced out of plane. That is, by moving a momentum kicker to minimize any induced transverse signal and vice versa This can again be done using a network analyzer.
PERFORMANCE
The cooling performance may be characterized by -several measurements. The useful bandwidth for each system is determined from the BTF measurements.
$ Measurement of the cooling rates combined with the BTF measurements characterizes the system performance. The cooling gain should be consistent with signal suppression measurements.
Signal Suppression
Signal suppression, the difference in the Schottky noise signals of the beam with the feedback loop opened and closed, is used as a diagnostic during operations. system. System delay between pickup and kicker is modified to make the average phase response zero across the sensitive bandwidth (3dB of maximum). Figure 7
Cooling Rates
Recording the time evolution of the transverse emittances and RMS frequency width is a measure of the cooling rates defined in Equation (I). Table 1 summarizes the bandwidth measurements and the cooling rates for the given number of particles. The other interesting performance parameters are the 95% asymptotic emittances. Over many attempts, the Recycler has averaged <Ion mm-mrad transverse emittances and -100eV-s longitudinal emittances for antiproton intensities from 4.10" to 70~1010. 
SUMMARY
